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Kofwj  ill  the  ^thaais  of  (hrgaiio>-Sle»eiit«sy 
Ui^  HDleoular  Gcntpomido 

V 

V,  V.  KorshaV 

Slemento-^arganie  chemistry  as  s  field  of  or^^le  ehamiatry^  not  confinizi^  IteeU 
only  to  eleodnto^orgaxiogcxui,  such  as  carbon^  hydrogen,  oxygen,  nitrogen,  8ulftiy,ehlo«» 
rine  and  other  halides,  and  placing  in  the  senrioe  of  organic  Bynthanie  tha  entire 

abundance  of  the  periodic  system  of  alemanta  has  been  formed  only  in  tha  peat 
tifo»three  decades^.  In  conformity  vlth  this  the  ebeodstry  of  alemento-argOEiie  hi^ 
wolacnlar  ccmpounds  represents  a  still  quits  young  fialA,  and  rapid  daralopnant  of 
same  is  explained  by  the  fact,  that  many  high  molecular  eleinanto^orgaaie  ecBq>oanda 
are  distinguished  by  hi^  heat  resistanoe,  ehemloal  stability  and  other  interesting 
qualities,  thanks  to  which  they  are  finding  practical  application# 

To  satisft  tha  needs  of  new  technology  is  required  a  greater  number  of  polymers 
with  Tery  high  quality  indices,  namslyi  high  heat  resistance,  chemical  stability, 
greater  mechanical  strength,  presence  of  eleetroinsulation,  seodeonduotor  and  other 
properties# 

One  of  the  ways  of  solTing  thi^^oblem  is  tha  use  of  warioua  elements  for  the 
synthesis  of  polymers  and  inclusion  in  this  field  of  all  elements  of  the  periodic 
system^* 

At  present  tins  are  manufactured  in  induatrial  soala  and  finding  Tarioos  appli¬ 
cation  sueh  elemento-orgnie  polymers,  aa  polymers  and  copolymers  of  fluovlnatad 
etbyleua  (Tisylfluorlda,  Tinylldensfluoride,  tetrafluoroetbylena,  trlflnoroehloro- 
athylsxM,  perfluoropropylena  ate»)numeroas  silieon^orgaule  pol^ra,orthotitaxiie  aeid 
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0aUr  baM  polsnaarat  poljrphosphoaitrllaehloridMt  phoapharyUtad  polystyraaa  aad  at*. 
hara3« 

Klaaaato-crgaxiie  oonpouada  repraaant  a  ftald  lyinc  in  batwaaa  ergaaie  and  laargaala 
ehesdstxy^c  which  aqpiaUy  partaina  to  alaBento«argaide  polymara* 

Zf  la  the  peat  th«  baale  daToIopDait  of  polyaarie  ehealatry  followad  tha  llaa  of 
organic  ooopouBda*  at  present  tiioa  inorganie  hi^  aolaeular  ecuapounda  ara  attraetSaf 
more  and  mora  attention  and  tha  field  of  inorganie  polymer  a  is  fining  in  daralopoMat^* 
Elemento-organie  high  molaeular  eoapounda,  known  at  preaant  tiaa  in  eonfoonailgr 
with  tha  claasifieation  introdaoad  by  us  ^  can  be  diwidad  into  two  tproupa* 

The  first  group-homochain  polymara^aaong  which  tba  Boat  inportant  ara  earbo-ehain 
higbnolaeular  eonpounda,  macrooiolaoulss  of  which  consist  of  earbon  atoaa*  and  all 
other  alananta  appear  to  be  aubstituents  in  these  earbon  atcaa*  which  ean  be  aaqproa- 
aed  by  tha  following  fonmlai: 

m  / 


where  Z  -  aubatituentt containing  wariaus  elements* 

ill  other  known  at  present  tiaa  hemoebain  polyners  ara  not  durable  and  present 
no  practical  interest*  Although  we  known  of  low  molecular  polymers  of  tfas  typa|-3~^ 

for  the  following  elements^ i  silicon*  gemaniua*  tin*  nitrQgea*phosphoants*  arsen^ 
antiooay  and  sulfur* 

The  second  group  of  elemento-orgaadc  hi^  aolaeular  eonpounds-hsteroehaim  eon^ 
pounds  of  the  typet  ^  geenpa  containing  ana  or 

seTeral  different  alwneats* 

The  aeeood  ffroup  is  Tery  nuBsrons  and  it  includes  a  aajovity  of  known  at  presoat 
tine  eleoento-organie  eonpounda* 

Sueeasses  in  the  field  of  ayntheaizing  axtd  eaploylng  eloneato-organie  aonoBera 
and  polyaers  are  described  in  aany  rsTiewa  ^e^*^  and  xacac^grapliies  Coaaegasntly 
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thli  report  will  diaeuse  oaljr  acre  important  inTaatlgatioos  in  thla  field  and  brlefljr 

deaeribe  the  moat  interesting  results*  obtained  vary  reeentXjr* 

Ifethods  of  SJjrnthesizing  Slegiento>Organle 
High  PoljnBars^ 


^e  basic  method  of  synthesizing  beterochain  elemanto^orgaiie  polyosra  appears 
to  be  polycondeasation,  vith  the  aid  of  vhioh  are  nainlyjDbtained  all  posaible  ailleoa 
organio  and  other  polymers*  %d.th  Inorganic  chains  iaeluain^ 

One  of  the  new  types  appears  to  be  polycoadensation  on  the  base  of  the  A«Ye*lr 
buzoT  reaction*  inrestigatad  by  M*I,gabaohniTE^^  end  eoworlcars*  with  the  transition 


of  tri-Talent  phosphorus  into  pentaralent  in  accordance  with  seheBsi 

/iHal-i-R-P_OR' 

I  I 


1  i  I  i 


As  result  of  this  reaetioa  is  fortaad  a  group  of  hsteroehaia  phosphor o^crganto  polsnnars^ 

Polyioerization  does  not  offer  the  possihilitsr  of  obtaining  heteroehaia  elemento* 

organic  poIj^r8«because  there  is  still  no  knowledge  about  monomers^containing  the 
bm^ 

earboDFaetal  double  /  of  the  type  C  »  ^  ^  • 

But  with  the  aid  of  polyaerization  are  obtained  earboehain  eleimento^organie  high 
polyxeerst  haring  elemente  in  the  side  chains  and  in  foorm  of  substituents# 

In  recent  years  appears  a  series  of  new  xoethoda  of  synthesizing  elamento^organie 
hi^  polyaers#  G^eat  application  has  been  acquired  by  the  nethod  based  on  polymeri¬ 
zation  of  cyclic  cQopounds#  Ihis  method  is  widely  used  for  the  synthesis  of  hi^  mols*  « 
cular  silieon  organie  eon^pounds^  v' 


Ihis  reaction  is  realized  in  preseno*  of  acid  catalysts* 

Polymer izatioa  of  eyello  triiaers  and  tetxoness  serves  as  oos  of  ths  methods  of 
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obtaining  polTphoaiiwrflnitrilaehlorida  and  Its  darivatlTtB 

Zt  vaa  shown  neentljr^^  that  the  sMthod  of  poIjrBBrIli ng  eyelea  Is  also  soitahls 
for  the  obtainsMat  of  coordlnatioa  polymers.  In  this  ease  are  first  obtsiaed  eyelio- 
Boncmers  and  dimers  whieh  later  poXymsrizo  easily  when  heated  in  melted  state 


CH,  CH, 

I  ! 
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Greater  deTelopaeat  was  attained  by  polyeoordinatioa.  leading  to  obtainsMnt 

of  coordination  polymers  containing  Tarioos  metals.  In  rols  of  organie  ligands  are 

used  tetraketoxms.  oryketonea.  bisaminaaeids  ete.ecoipoands  eontainlng  complex  formlBg 

groope.  Ihsse  polymers  may  also  contain  metals,  such  as  copper.  iroB.eobalt.  nickel. 

20 

cadmiufi.  zine.  beryllinn  ate*  * 

Polycoordinatioa  represents  ome  of  the  eases  of  eq^illteinm  reaction  and  is 

subject  to  the  rery  sane  lews^.  In  partleular.  the  molecular  wei^t  of  coordination 

polymers  depaikds  upon  the  — .  ocmpleteness  of  removing  the  lowoioleealar  jroduot. 

21 

as  it  was  established  on  an  ezampla  of  the  following  reactions  t 


See  attached  pa^je  (4a)  for  fcrmulA  5” 


Iblyreconlhinatian  represents  a  new  method  of  obtaining  molecular  oo^ 
pounds,  whieh.  as  was  shown,  is  suitabls  also  for  the  obtaimant  of  slemanto-orgaaie 
polymers  With  the  aid  of  this  method  were  obtained  polymsrs.oontaining  iron, 

boron,  phosphorus,  barylUas  and  others. 

Reaction  takes  pdaoe  during  the  heating  Oi  a  proper  noncmar  with  orgenie  percodds 
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•ad  for  th*  esM  of  c^tainiac  poljrftrroeoaa  it  la  oxprasaad.  by  tho  followlac  aqioatloat 

bteif  oa  ocrD--  , 
a  a  ooDD  ' 


Cyelopoljnarizatioa  is  sueotaafally  anployad  for  the  obtaianaat  of  alaoaato-ortfiaia 
polynars  ooataiaiag  hateroeyelaa  ia  tha  ehalast  aad  it  takaa  plaea  aeeordla«  to  Ofoa- 

whsra  9-  atoa  of  tha  alamaat*  With  thia 
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124  method  were  obteiaed^  eolublo  polyntfo 
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f  ftm  dialylpheoxlphoapbineoxlto  aad  dlmetal* 
lylpheiqrlplioBphiaaoxida# 

Curing  the  aetion  of  a  ecaaplex  eataljst  were  obtainod^<5  poly. 

mera  frcni  dimothyldiallylBilana* 

It  vas  shown  •  that  stereovaghlatioa  of  polpmarizatioa-ia  suitable  for  the 
synthosia  of  elsmnto-organie  isotaetie  high  molaoular  oonpouads,  eontaialng  silleon 
and  othar  elements  in  the  side  chain  of  typo 

rri  s . 


Tha  aev  mathod  of  obtaining  alaDento-organie  polymars  appaara  to  bo  nigratioaal 
ec^olymarization  of  hjrdridas  of  such  alamonta*  as  siliooa,  phoBphortts«  tia«  bcroa 
with  UBsaturatad  eooipoQnds 
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*CH,=CHSiH  -►  l-CH,-CH,-Si(CH,ir-L 

This  reaction  ia  aaally  realiaable  also  in  oaaa  wharo  instead  of  olaflnas  is  tisad 
aeatgrlana  and  its  honologoes^a 

An  intarestixig  eaaa  of  mi^rational  eopolynarization  ia  tha  synthesis  of  phosphor* 
containing  polyasrs  in  aceordanoa  with  tha  reeetioa»introdaoad  by  Qraehkia?^.  The  basie 
^  dietfaylenaainida  of  phoephorie  aoidf  which  easily  attracts  dicarbooiylle  aeids^ 


diaBdaes  ate*  eoaqpooods 
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Vith  the  aid  of  ml^rational  eopol^nariutioa  of  dil^drlda  of  diidMOirltlB  with 
d«9>8tyrana  darlTatitaa  of  eeniBaiua«  tin  and  lead  vara  obtained?^  hataroebiiB  pol9!> 


mera  of  the  types 
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vh«re  Get  ^ 

Together  vith  above  laantioBed  synthesia  nethode  of  the  tumamrm  greater  deTelopaeBl 
ie  gaiaed  by  the  eyntbesia  of  elezneato^crganie  polyxoera  from  ordinary  organic  earbo- 
chain  high  molecular  coopouDda  by  introducing  into  their  mercooleeiila  different 
elementa  using  this  or  any  other  method^ 

Folymera  of  Elements  of  the  First  Qroup  of  the  Ihriodie  %et6B 
In  this  group  are  Icoovn  polymerstcontaining  copper tSilTsTt  potaaalun  and  lithiioi# 

The  moat  widely  Inrestlgated  heterochain  polyisera  of  eoppertbeicng  to  tha  gpdo^  at 
coordination  polysera#  Ihey  are  obtained  by  the  reaction  of  cupric  salta  or  euprie  aealyl 
aeetocate  with  various  bifunctional  cantplexonoa# 

ftrticularly  thorou^^ily  investigated  vere  eoerdination  polymarStObtainable  vith 
the  aid  of  various  tetraketonea^^^.  They  represent  green  color  pcMders^lting  at 
200*400^  and  in  greater  pert  insoluble  in  organic  solvanta,  of  general  focsnalat 
Of  great  interest  is  another  group  of 
polymer 8»  namsly  polymeric  phthaloeyanates 
of  copper^  as  for  exe^ple^^ 
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llxesa  polymers  eaa  withstand  a  tenipsratars 
of  oTsr 

The  obtalBsd  ^  ooordiaation  polymsrs 
of  copper  and  tetracyane  th7lana»rapraaanl 
a  aoisDsltiBg  black  powder  of  tha  stmetorst 
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art  lauwB  carboehaia  poljnBera»eoatalBlii£  alkali  aatala*  Thay  art  obtaiaad 
froa  tba  raaetioa  at  polTatjfraaa  with  matallie  potaaain  la  jvataaet  of  potaaaiua 

I&iowa  la  alao  polylithiioMtyraaa.  It  ia  obtaiaad  frca  polsriodiaa^^breaoa^aaa 
by  the  aetioa  of  botyllitblua?^*^.  Folylithinutarraaa  appaara  to  ba  a  highly  raaa- 
tlra  aubatanea*  eapabla  of  replacing  lithiuoa  by  varioua  geoap»»  ia  raaolta  of  tbia 
vaa  obtaiaad  a  greater  amount  of  produetat  reporesenting  polyatyrana* containing  ia 
ortho>end  para  poaitiona  in  the  naclaua  different  groopa*  In  tbia  way  ara  introduead 
alkyl*  nitrile*  carbcocyl*  amida*  apooy*  ketone  and  other  gronpa*  aa  wall  aa  trimatbyl- 
allyl*  mercapto  group* triaUgrltin  and  othara39* 

Folymera  of  Elements  of  the  Second  (hroop  of  Feriodie  ^mtem 
Quite  a  msnber  of  polymers  is  known* containing  beryllium*  zine*  eataitmi  and  mer¬ 
cury*  A  larger  groop  is  formed  by  polyxaera*  in  which  these  metals  are  bound  in  form  of 
a  oomplaz  with  tetraketonea*  phenols*  amines*aa  well  as  other  or^inio  bifunetional 
eoB^plaxonas  20#33*37»112^ 

Of  special  interest  cure  polymers*  obtained  ^  from  p*p*«bis-(ieotoaeetyl)  of  di¬ 
phenyl  athmr  and  beryllium  ace'^lneetonata*  Ihrestigntlon  of  this  reaction  showed 
that  it  is  fully  subject  to  the  wary  soma  lanis*whieh  are  charact-riatie  for  equilib¬ 
rium  polyeondensatioa*  Using  equiwalant  amounts  of  initial  products  and  assuring  Bwiiiaim 
removal  of  aeetylaeatone*it  was  possible  to  obtain  the  present  easily  soluble  high 
polymeric  eonpounds  of  beryllium  with  molaeular  weight  of  more  than  123  thousand?^* 
Synthaslzed  ware  eoraplaz  *eyelie*  moaonarie  eompounds*  Folymerlzation  of  saaa 
during  heating  lad  to  the  aynthasia  of  a  annlMr  of  very  hig^  xuAaenlar  ecnplaz  eom- 
ponada  of  baryllims^^* 

Folyamrie  oompouada  of  nercmry  were  obtained  ^  by  polymarizatton  of  unaatnxatad 
organoH&ereary  ecmpouada  of  the  phei^l^p-vinyl^phsiorlnercury*  bia^Cp-Tiaylphenigl)* 
marenry*  sorylata  ai^  ma-Uinaxylsts  af  fiheoQ^bBBrcaaey  typo.  Introduetion  of  mereary 
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into  high  aoleeular  ecapounds  is  known  slrsod^  s  long  tins  and  in  this  m  ^estsr  nua- 
bsor  of  poljfmers  was  obtained#  Eepeoiallj^  poI^stTVenStOontsining  mvciaxj  in  pheopl 
Buelaus^*^#aoroiiry  oontaing  rubberA^^  meronratod  poljnriiqrlthiopheas  sts# 

Mereurizad  rubber  contains  asrcory  ia  double  bond  and  in  metborlena  groups  ss  vail# 
lhagr  are  less  heat  resistant  and  less  elastio  in  oosaparisOn  with  the  basic  rubber# 

•  It  was  shown  •  that  polj-a-^ihgrlthiophens  mercuxise^  easily  under  the  effeet  of 
aerexiry  isobutyrate^^# 

Polymers  of  Elements  of  the  Ihird  Qroup  of  Bsriodie  S!ysten 
Known  are  polymeric  ocnpounds  of  boron»  aluminum  •  gallium  and  ttellium# 

The  ehendatry  of  polymeric  boron  ccaapcunds  represents  a  new#  intensirely  growing 
zone  of  chei4.stxy  of  elementoi-organie  conpounda^  and  at  present  time  literature  is 
bearing  reTleva*  which  aoxxoarize  the  achievements  in  thla 

?or  haterochain  polymers  containing  beroa*  is  charaeteristiea  easy  hydrolizability# 
but  the  emplcyment  of  the  eomplexing  priMipIe  allows  to  raiae  the  hydrolytic  stabi¬ 
lity  of  these  ocoDopounde# 

Of  apeeial  interest  are  conpoanda  containing  boron  and  nitrogon  slnultaneously# 

In  this  case  are  used  highly  stable  borazole  eyoles«  which  are  bound  with  the  aid 
of  diisoeyanates  or  in  another  vay49«  As  it  was  possible  to  show  recently#  it  is  also 
possible  to  obtain  a  direct  chain#  consisting  of  boron  and  nitrogen  atoms#  bound  with 
sufficiently  greater  radicals^ 
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Lit»5I  obtaiaad  highljr  stable  to  hydroljrsis  aod  remaining  uaetaBngad  op  to  300* 
pblyestara  of  diborie  acids  with  tetra^bis-azyaUqrlatod  polpmethylanodiainlnes  of 
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luriBc  thaacBBl  dMcapositiaa  of  diboraiMdiaBtlijrlorsiao  addaat  ia  obtaisod  a  qaita 


Of  epreatar  iaterast  ara  alao  bortf^aliadauB  ecDbinatloBa»  la  thia  easa  la  obtaiaad 
a  ehaiB^eonaistiog  of  boroa  and  alumima  ataaa*  aal  a  eyela  of  tha  varx  aaaa  atoBB^* 
Polxmarle  eanpaoBda,  eontalaing  boron  and  phoapboma  in  form  of  eyello  and  Xlaaar 
phosphinaboriaa*  attract  cpreator  attaatioa^*-^*  Ow  reaction  of  dlbonaa  with  di« 
sntbxlAsdaodinathxlphoapblaa  gara  a  highly  heat  realstaat  (ap  to  400*)  liaaar  phoo« 
phinebcrfiM^.  * 


Known  is  quite  a  large  lundMr  of  earboehaia  polymera^obtaiaad  by  polynerlzation 
of  unsaturatod  boron  eowci.dP’. 

Obtained  were  polymers  from  triwlayl-p-triallylboron^t  ••  «*11  ••  polynsrs  of 
parastyryl^  aud  paraTinylpheiylborie  aeidn^*  Bla-p-Tiaylphanylborio  h^id  polymeriaas 
easily  and  can  be  used  for  eopolymerizatiott  with  styrene*  as  result  of  whieh  is  obtalaad 
a  polymer*not  melting  eran  at  400*«  When  this  trimer  is  heated  with  hydrogen  peraride 
it  eoxirerta  Into  a  sdlnbla  product  of  low  molecular  waight*containiBg  phsnol  hydro- 

:cyl.39. 

An  Interesting  ^rpa  of  polysnrs  was  derirad  fToa  alkoayalusdnuaaee^laeatonata^* 
Upon  oleawaga  of  two  alcohol  molaeulea  la  obtainad  a  polymeric  produet.hawing  a  ehaln 
of  aluminun  atoms  and  oocygen  atoom*  whereby  the  alusdnun  atosM  are  bound  with  aealyl 
aeetona  radiealat 
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Ouseribad  was  tbs  obtaiasmat  of  polymsrie  basic  salts  of  organic  alrnidwim  aeids 
by  oloaTsga  of  water  frca  basie  salt  by  aq^atio^^*^  . 
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Obtalaad  were  polyorganosiltayanoalumoozanea**''  of  tha  typo 
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S«paeiall7  heat  reaiataat  vert  found  to  be  poljmers  of  this  type  with  phenoagro«ad  8« 
bydroocjquiaolina  groupa  in  aliuninun^^.  They  renain  unchanged  when  heated  to  4^0% 

The  new  typo  of  polymera  represent  ecnpounda^^  of  stmetBro 

Me  I  Me  I 
V  I  ✓AI.  I  .Alv  I  . 
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Diay  foorm  during  tha  heating  of  the  fToa  siethylaodiie  and  diattajl* 

a  luainuBc  hi  or  Ma  t 

'  nAVeNlIj  AUEga  (MeNAia)„  +  2/iC^*  a.1 

Known  are  polyi2&ra» obtained  during  the  pp3^anerizatio]i  of  TinQrlalundjmi  balideat 

62 

halides  of  diTinyla  luminum  and  triTinyla Innri  mm  • 


Ihallium  can  he  easily  introduced  into  organic  ccmpounds  by  the  reaction  of  ttaallisa- 
tioa«  And  aot  poly»a*Tinylthiophena  and  polystyrena  iinder  the  effect  of  thallium  tri-^ 
isobtttyrate  conrert  into  corresponding  thcCLiisaized  organic  cnapmiodJ^ » 

Polymers  of  Elements  of  Fourth  Qroup  of  Periodic  System 
Known  are  polymeric  eompounda  of  earbon*  silicon*  titanium*  germanium*  airconiumt 
tin  and  lead* 

The  fourth  group  of  the  periodic  system  contains  the  greatest  numbar  of  elements* 
widely  used  in  the  obtaimaax-t  of  Tarious  types  of  eleimto>QrgaBie  polyrnsrs*  First  of 
all  wa  like  to  maitioa  ailieon,  whidi  after  carbon  appears  to  be  the  first  alanant» 
the  polymeric  eaapounda  of  which,  have  acquired  greater  practical  application  in  form 
of  Tarious  silicon  polyaerst  representing  g^eases«oila  •  liquids*  as  wall  as  rubber* 

films  and  oatariala  similar  to  it*  distinguiahad  by  high  beat  rasiatanea  and  widaly 
used  by  industry* 

Since  tha  cbendstry  of  sUieon-organic  conpounda  baa  presently  attained  ffraatev 


darelopmentf  then  wa  will  not  diseusa  ita  numerous  acbieTemeoata*  beeansa  this  irTnara  to  ha 

FTT^rf-s^-wi/x-^a  10 


%  thtai  of  spoeiol  roTiev^  but  v#  vlll  amt  loo  only  tho  prostaeo  of  nuMfons  aoaogro«» 
phiM  and  reTiewing  raporta^  deroted  to  this  paroblcm 

Of  the  number  of  ailioon-organle  ccayounda  ve  will  mention  the  number  of  polTsera 
which  e:a8  appeared  in  recent  yearst  and  containing  in  role  of  aubatituents  mrioua 
polar  groupa^  at  the  ailicon  ataa«  Among  theae  ahould  be  mentioned  eyanalkylailoocaneat 
fluoralkylailoocaneat  TinyIailoxanea»aa  well  aa  a  number  of  other  ec8&pounda«  which 
found  greater  application^  because  theae  polymera  are  highly  heat  resistant  and  rea» 
iatant  againt  oils  Giren  below  are  formulas  of  certain  polyuerai 

l.Nltrilesilicone  rubber  Tluorailieoa  rubber 

/  HMT;;ii.':c«.i;tKouoDufl  KaysyK 
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A  vary  interesting  group  of  new  polymeric  aubstanoes  era  polyorgancmatalailoonnas# 
These  eoapouxkla»  in  the  ccmposition  of  which  ia  a  haterochain  akeleton,  formsd  of 
intermittent  ailicon^  ooygen  and  certain  metal  atoma'^*^*^«  Among  the  metals  used 
for  that  purpoast  is  nseeasary  to  mention  first  of  all  alumlnuin»  with  the  aid  of  which 
is  obtained  polyorganoalumosilcacanaa  With  the  aid  of  titanium  are  obtained 

polyorganotitanoailoxanea  Such  metals  aa  tin^  laad^  antimony  hare  also  bean 

used  for  the  synthesis  of  polymers  of  mentioned  type  39«  These  ooo[u)ounds  are  di8tia«» 
guiahed  by  high  heat  rasistanee  and  are  of  greater  interest  as  a  new  group  of  high* 
molecular  el«a0nto«organ4e  polymers*  Obtained  was  polyorganoailoacyphosphoralu^oxana^^^ 
aa  well  aa  polymers^  containing  the  silieon/oarbon  bond  in  basic  chain^* 

Polymerization  of  a  number  Of  winylaromatio  compounds*^,  aa  wall  as  a  number  of 
silleonoelfins^^  has  been  inTeatigated# 

Whan  izxrestigating  polymerization  of  allyl  and  matallyl  derlTatlTos  of  a  number 
of  silanes  in  the  presence  of  complex  metal  orhh^o  catalysts  (02^)311*^01^  was 
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obtaiMd  •  nuadtar  of  aev  polyaars  with  laotaetie  atruetiiro 

Tory  interesting  is  the  poljnner,  containing  ai«0>B  bonda*  staUliaad  with  altre> 

gen  containing  compounds*  playing  the  role  of  eleetron  donors^^, 

A  reriaw  has  bean  published*  in  which  are  described  ayntheais  raaetioos  of  m  nnaa. 

her  of  silicon^*  geroanluia-and  stanno>arganle  compounds*  as  wall  as  their  ability  to 

polymerize  and  the  properties  of  obtained  polymers  ' 

Triethtlallyl  esters  of  polyrinyl  alcohol  ware  found  to  be  azeallent  dielaetries?^* 

The  chemistry  of  polymeric  titanium  coiqponnds  ia  presently  uoder  IntenslTs  deTal- 
77  78 

opoftiit''*'  •Titaxiium  does  not  yield  tiao  natallo-corganie  coB^poondA^  and  nil  its  poly. 

meric  conpounda  are  presented  by  aubstanoea  of  tba  type  of  eyelopeatadieoyl  titesiOB 

ecnpounda^  as  as  by  certain  other  eooQ>Iex  crapoasdSt  listed  heloe« 

Polytitanoxanes  rep^rasent  titanitua  oocide  polymer s^ obtainable  during  the  bydroly* 

sis  of  ortbotitanic  acid  eatarat  I  ^  I  « 

o  o  o. 
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They  form  Tory  strong  films  and  used  in  manufac^turing  beat  reaiataat  coetinga77**79« 

A  number  of  polymers  was  obtained^  polymers  containing  tlftaiiiua4  e»g«  tributoigf^ 
t itanomonone tbacrylate »  which  eopolymesrizes  easily  with  matbylastfaaoxylatet  forming 

8a 

a  soft  substanee  »  stable  to  moisture*  DLbutoxytitanQcziethacrylata  eopolymerizes  vitb 

85 

styrene  forming  solid  product8*used  as  insulation  materials  •  I)ipsiiityloaytitano» 
dlcrotonate  is  also  polymerizablo^^*|lbtraslyryltltanata  polymerizes  easily  at  150^^* 
Beterochain  germanium  compounds  represent  a  larger  ffoap  of  eoapounda*eonstmetod 
analogously  to  silleoib^organio  compounds  and  resembling  the  Istteir  to  a  certain  aztest^* 
Polymers*  eontain^ng  garmnium*  are  alao  preaentad  by  a  series  ot  sabstamoss*  belong 
Ing  to  tha  jproup  of  oarboebain  hie^  molecular  compounds  and  containing  germanltoa 
in  fom  at  aids  branches*  Ihsse  are  rarloos  d^-riTatiTes  of  acrylieand  aathacrylle  acids* 
styrene  and  other  xBoncasra^* 
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Bjama  1«  •  epreatar  naabar  of  goraanium  eonpouadi*  ••g^totrulljrlgomaaiUB^*  wbiek 
polTBorlzo*  oasll^.  Ikooribod  art  polpaara  of  athjrltrlTiagrl'aad  dlatbyldlTiBylgermaaluat 
obtaiaad  at  high  presaura^^*  Obtained  were  also  trialkylallyl*  and  triaUgrl<4aetallylger- 
nanioa  •  which  polymerize  eaaily  iinder  preaaura  in  preeenee  of  tertiary  butjrl  peroodida^^* 
Dinetibyldiallylgemanium  yielda  polynara^^  in  presenoa  of  TiClj|^'*-Al(C2^)^«  Vinylgav^ 
aanium  polyoerizas  easily  with  the  formation  of  a  solid  white  insolnble  polymaTt  da* 
composing  at  abore  275^*  Known  is  also  msthaoryltriethylgemianinB,  which  polymerizes 
easily®^* 

In  zirconium  we  encounter.  Just  as  was  the  case  in  titanium,  lack  of  formabllity 
of  true  zireoniiuworgaaio  compounds  and  ability  of  entering  into  bond  only  throng 
complajcas  of  Tarioua  type.  Known  are  zircoxtatas  of  ccmplez  structure  and  polymeria 
nature^. 

Esters  of  alkylstannie  acid  upon  heating  form  a  heterochain  polymsr  of  following 


stmeturaS^aS?  t 
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These  polymers  are  infusible  and  insoluble.  Ikildiemrlstannan  reckcts  with  acrylic  acid* 
forming  a  polymar^^  4.rH-=^rnrrVM4  i/r  u  \  Cr,nj  ru A 


(C,H,)^nH +CH,=CHCOOH  I(C,Hi)jSnCHiCH,COOHJ, 

\ 

(-(c,^y5Sna^,CH,ocxxy^,J« 


^5' 


Polymeric  compounds,  containing  tin, /presented  at  present  tisM,  likn  gemeniun. 


by  a  jester  number  of  oarboohain  polymers,  containing  tin,  bound  with  the  side  chain. 
They  include  polymers  of  Tarious  deriwatives  of  acrylic  and  nethaerylie  aeida®7,and 
styrene^,  as  for  example,  p-triphaoylstannilstyrena  and  p>triethylstannil>a-siethyl*' 
styrene,  as  well  as  matbaerylate  and  acrylate  of  tripbenyl-  and  tri>(n-batyl)tin^ 
and  others^.  At  thesama  time  vinyl  and  allyl  deriTstiTss  of  Sn  do  not  polymerize  and 
only  under  pressure  yield  low  molecular  polymsra 
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Polyatrs  of  trittttyltlB  aothaorylato  and  ita  «opol]rBara  with  triltutyLtlA  diaatha-* 
erylata  praaant  rubbar-llka  aubataneaa^^* 

Laad«eontalninc  polymer  a  are  ropraaentad  aainljr  by  earboehain.  eoapoonds»ia  whleb  lead 
la  in  the  aide  ehala*  They  inoluda*  juat  aa  la  eaaa  of  tin,  Tarloua  aerylie*  xtathaery-' 
liot  atyrena  and  Tlayl  polymara* 

^etraTiayl««triathylTiiiylo  and  dibinyldlatbyl  lead  vh«i  heated  with  paroxidea 
daoonpoaa  with  aeparatioa  of  metalUo  lead*  ^t  if  polymerization  ia  carried  out  qpday 

OA 

pr«80ttr«t  there  is  eopolymarizatioa  vith  atyrene  or  with  a-aethylatjreoe  •  2kra« 
triethyl^-imathylatyrenalead  polornerizea  eaail^  under  preaeure^A  derylates  and  aetba* 
erylataa  of  triphenyllead  are  also  pol^iaeriaabla^A 

Poi^onars  of  Eleaieiits  of  tha  Fifth  (hroup  of  Bariodie  Syntn 
Polymers  of  nitro^r.,  phosphorust  araeniOA  antimon/  and  hiamith  eompounda  are  already 


kaora^ 

Ve  vill  not  touch  upon  polymers, c on taining  nitrogen,  beoauae  here  ve  have  no  ale-* 

manto*organie  epecifieity,  because  nitrogen  is  insluded  in  tha  oomposition  of  a  Tory 

lar^^e  nxtmher  of  polymers  vith  purely  arg^nio  natnra* 

la  recent  yeare  vas  obtained  a  greater  xnimber  of  phoaphoorue  containing  hetaroehaia 

13 

and  earboehain  polymeric  products^*  Of  the  nuxober  of  heterochain  polymers, containing 

phoaphorua,  va  will  mention  a  great  xuisdMr  of  polyamidaa  and  polye8ter8,containing 

phoaphorua  in  basic  chain^  ^  •  They  are  obtained  during  polyoondensation  of  diamines 

and  biaphenola  vith  phosphoru8*containing  aside  or  their  acid  chlorides  of  typa 

o 
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Aa  result  of  reaction  of  idiosphoric  anoydride  vith  aluminimi  phenolates  wero 
obtained  phoaidioras>^ontainlng  polymars^^*  Interesting  fire<«esistaat  polyphoaphoae 
amides  were  obtained^^  during  tha  heating  od  dismidas  of  phenylphosphinie  and  other 
aoide* 


Terlous  pbosphonitrlle  dariwatlTBs,  or  aa  they  are  properly  called  phosphor- 
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amid*  dariTatlTaa*  attraot  ganeiral  attaatioa  of  rasearehara*  Thia,  oa  ona  haad*  la 

poljrphoaphoaitrllaehlorida,  than  Tariooa  alkyl  and  aryl  dariratlTaa  of  aana*  «taieh 

ara  vidaly  lorastlgatad  In  fora  of  oyelie  Boncaora*  ea  voll  aa  in  fora  of  yolyaara 

of  linaar  atrueturo*  diatingulahad  by  high  heat  raaistanea  and  in  aona  Inataneoa  by 

the  praaenea  of  alaatieity*  Obtained  recently  vaa  a  polybiaperfluonaatbylphoaphonitrllo 

highly  reaistant  to  the  effaet  of  aeida^* 

Polyaerie  dariTatiToa  of  phoaphonltrila  repraaant  preaantly  a  larger  group  of  hi^ 

Bolacular '  conpounda,  IntenaiTaly  InTostlgated  by  Tarioua  anthocra.  HaTlzig  no  poaalbill4^ 

within  tha  framavcck  of  this  report  to  thoroa^ily  diecttaa  all  thaaa  polyoara*  we 

will  Juat  refer  to  the  reriewing  report^,  in  which  ia  giTan  a  detailed  daacriptioa  of  .  ■ 

Tariooa  polymeric  doriTatiTea  of  phoep  honltrlle*  Hare  belong  alao  phoaphlnaborinaat 

which  haTe  been  mentioned  before,  forthermore,  we  know  of  quite  many  cerbochaia  eca- 

pounda  containing  phoaphorua  in  the  aide  chain.  Ibey  include  Tarioua  vinyl  polytaarSf 

containing  phoaphama  in  form  of  pboaphorie  acid  radiealafeatera  or  aonia  other  of  ita 

derivatiTaa.  These  ara  polymers  of  Tinylphoaphinie  and  aryl  ihosphinie  aeida  of  dif- 
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ferent  type,  aa  well  aa  numeroua  copolyDara  of  sane  •  Hare  belong  polymers,  contatn- 
dng  pbosphooms  in  the  polystyrene  nneleaa,  as  well  as  polymers  of  Tinylphoaphinie 
onida^  • 

Finally,  we  will  mention,  that  very  great  progreaa  was  made  in  tha  study  of 
mcleinio  acids,  representing  polyesters  of  phoephoric  acid  and  playing  an  extremely 

I 

iAportsn^  r<^a  in  llTing  organisMt  appearing  to  be  the  agents  with  the  aid  of  which 

99 

hereditj  oyzoptci&a  are  transndtted  and  directed  syntbesie  of  albusdna  ftom  amino  acids 

haig^  ^  i 

ia  porcBOtedu  Vinylphosphinie  acid  ester  and  ester  of  polTTingrl  alcohol  /  ~Dec  a  ! 

obtained^^#  i 

Many  different  polymers  are  knovn  for  arsenic*  Among  them«  on  one  haad^  ara  | 

polymers^  containing  an  arsenic  ohaiJ^  to  vbieh  salfarsaa  balongi^^ 0  as 
veil  aa  a  zatmber  of  heterocbain  polymer s* containing  arsezdc  in  basic  ehaiafbcund  vith 
earbont^^fi^  other  elazaents# 


1 


For  aatteoBQr  art  also  knoim  hateroebaia  and  earboehaiii  poljMra.  Syathaeiaad  vave 

easily  poljfBBriaable  aerylatee  and  Mtbaerylataa  of  diphaoylaatlao&gr^^^# 

Poljaera  of  elamenta  of  the  eixtb  iproap  cf  periodle  ayaftaa 

Known  ara  polyaarlc  compcwnda  of  oa^gan^aulfbr  and  aeleniuau  Sinoa  they  all  belong 

to  oarbochala  organic  eoBU>oundet  thr'  vill  not  ba  diaeuaaed  bare# 

Polynera  of  Klcananta  of  SaTentb  Qrcap  of  Bariodie  SjrateflM 
I  balofl^ 

The  aoTantHlgroup  of  the  periodic  eystea  includea  /  *^vhieh  at  present  tiaa 

are  widely  represented  in  polymeric  chemistry#  Ve  will  not  touch  upon  dariTatiTes  of 

ehlorinet  brcndne  and  iodinet  because  they  are  known  for  a  long  tiaa^  and  will  die- 

euas  only  deriTatifas  of  fluorine# 

Among  fluorine  derlTatlTes  ve  haTs  an  enormoia  number  of  representatiTee  of  fin- 
ooroorgfanie  polynor  &roup»  which  have  already  aeguirad  greater  practical  importaneag 
such^  aa  polynars  of  fully  fluorinated  athylena#  as  wall  as  not  fully  flnorinatad 
atbylana  and  mixad  flnoro-and  chloro^deriTatiTes  of  Tarious  fon^  Among  theaa  ecmqpoands 
should  ba  pointed  out  a  series  of  new  substances#  which  gained  ii&i>ortenee  aa  highly 
heat  rasistant  and  oil  resistant  rubber*  The  ehemietry  of  polymara#  containing  fine* 
rina#  are  being  intensively  developed  and#  apparantlyi  it  can  be  eocpeeted  in  the  ibtiire 
the  appaaranoe  of  a  msDbar  of  new  interesting  eonpounda# 

Among  the  recently  appeared  eompounda  wa  like  to  single  out  polymers  of  parflno- 
robutadiena^^#  obtained  with  the  aid  of  hi^  prasaura#  Grafted  eopolymara  of  vinyl* 
idenafluorida  or  trifluoroethylonschloride  with  cyclic  tatresMT  of  dizaathylailozana 
cr  with  dimethylslldzane  rubber  were  found  to  ba  more  stable  to  the  effects  of  b6L^ 

Pol^Bors  of  SlemeirtB  of  Giroup  of  Itoiodie  %atMi 

core  polpiaerie  eonpounls  of  iron^ootelt  and  nieksl* 

Hia  el^th  0roup  of  the  periodic  eoretea  includes  •  seriea  of  natala^vhich  axa 
not  eapaUa  of  glTiag  true  netal-crgaiio  eonpounda*  but  of  theaa  ara  eaiabl*  to  font 

li 
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eoBplex  ecopouada  of  rarloua  fom.  inoog  theaa  va  vlll  alagla  out  ftrat  of  all  eoa* 
pounda  of  ttaa  dieyelope&tadlaDarllroa  typa  (farrooena)*  whieh  la  piraaaatlf  uaad 

aa  baaia  for  tha  obtaiment  of  a  nuinbar  of  polynara  (a«s*  po]jrfarrocaiia«obtaiiiod  bf 
raaetloa  of  polyreccoiblnatioa^^)*  tba  Terp  aana  aathod  wara  obtaiaadU  alao  poljrallqrl* 
farroeanaa^^^*  Polya Uc/lfarrooanaa  wara  alao  obtalnad  by  aUtylatloa  of  farroeanaa^^'^* 
Tbaaa  polynsra  hara  Intereatlng  magnetic  and  elaetrle  iro!pertiea»tbay  ara  eapabla  of 
amltting  a  clear  paramegnetic  resonanoa  signal  and*  eonaequantly*  belong  to  tha  aani- 
conductor  group^^^.  Obtained  waa  difurfuralacetylfarrocess  and  polynara  on  its  basa^^* 
Yinylferrocana  polymers  have  a  high  melting  point  (280>i295^t  obtained  vara  alao 
its  coplymera  with  methylmethacrylate  and  chloroprena^^*  Obtained  vas  einnancarlfarro- 
eane«  which  In  itself  does  not  polymerize*  but  yields eopolymers  vitb  other  moaoners^^* 
for  mB::y  other  represantatiTes  of  the  al^th  group  of  elamente  ia  known  a  greater 
number  of  cooplejc  polymeria  ocmpcunds,  obtained  in  recant  years*  Such  polymars  vara 
obtained  for  cobalt  and  nickel*  Ihesa  ecmplex  ccnpounds  arc  obtained  during  tha  raaetioa 
of  various  ccmplaxonea  with  salts  of  these  metals  or  with  their  aeetoecatata  eoi:^>lexei3^* 
In  the  role  of  ccmplazones  for  the  obtainaant  of  coordinated  cobalt  and  nickel 
polymera  were  used  various  tatxaketonaa  of  tha  ^rpa  RCOC^CGB*CQC^OOlP^*^^« 

Coordination  cabal  and  nickel  polymers  represent  insoluble  powders*  melting  at 
200»250^»  colored  in  various  colcre  depending  upon  the  nature  of  the  ligand  and  mBtel3^* 
Coneludixig  the  discnasion  of  known  seientifle  material*toaehing  upon  abriad  ebsr. 
aeterietie  of  derivation  methoda  and  properties  of  varioua  slanent»>orgnio  polymers* 
known  at  present  time*  we  can  say,  that  this  field  is  expanding  very  rapidly  and  in 
the  very  near  future  we  will  see  a  greater  nuoiber  of  new  polymera*  containing  theaa 
metals  and  elements*  which  have  so  far  not  been  used  for  these  purposes*  as  wall  as 
new  represantatiTas  of  alenmnta  already  discnsaed  by  us*  These  aubstanees  In  a  maiorltj 
of  instaneas  are  characterized  only  ebemically  and  tha  fields  of  their  appllcetiott 
are  always  olear*  but  there  is  ab^utely  no  doubt*  that  in  tha  near  fhtura  they  will 
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fiad  •  Terletjr  of  fields  of  epplioatioa.  in  poljmerie  ehenlatrx  aod  in  ehenieol  toeli» 
aologr  ond  will  opes  new  perepeetiwea  for  their  developiDent* 
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